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The Integrated Ship Design System (ISDS). is

in devenlopuent to permit preliminary ship design

to be accmplished using iteractive computing.

Currently IMS does not address ship dynamics and

this report explores programi in this discipline

tor, inclusion in I8M8.

A literature search was performed to identify, J
classify, and tabulate computer programs involving

ship dynamics. The search included programs address-

ing motion prediction, added resistance in waves.

slamm'a, deck wetness. and maneuvering for dis-

placoment hulls. hydrofoils, surface effect ships,

air cushion vehicles, planing hulls. aud catamarans.

Candidate programs were analyzed with respect to

their input data requirements And the relationship

of these requirements to the flow of data among

existing design programs of the Integrated Ship

Design System (ISDS). and two dynamics programs

for displacement hulls are recommended for

integration into ISDS.
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A, MM.E FOR THE STUDY

The Navy's Coqpater Aided Ship D~siva and Construction

(C&SWAC) Program a~dreaius the tas" of employing ýcomputer
programs to Improve design. redu~ce design costs, &nd speed

up the design pt~ce". CASDAC is geperally concerned with

tbe status of computer programs 4nd 'witb foiteriag the use
(.. good progr~m ia tbe ship design, procwss.

A major component of: CASDAC is the In~tegrated Sbip De-

sign System (ISDS). a coA.Iiecion of.-coordinated nA~val design

programs which interface with a c*.on data base to form a

powerfuld design tool. The syst~e* reduces calendar time for

the design process by facilitating programs' input and out-

put and by use of interactive graphics and telatyp~e'modes

of design program operation. There are currently no ISDS I

programs which address ship dynamics. There is increasing

interest in the Navy to consider the manuvering and sea~-

keep'ng characteristics of ships early enough in the deuign

cyCle that they rsay effectively impact the design, Inasmuch

as ISDS does not presently address ship dynamics, it is pro-

posed that compatible dynamics programs be obtained or devel-

oped for inclusion in ISDS.

B. OBJECTIVE

The objective of this task was to determine what ship

dynamics programs are available and to identify any caiudi-

date programs suitable for inclusion in ISDS.

2



C. SUMWARY OF TASK

'The task performed was to make a literature search for
co•puter program involving ship dynamics, tabulate the

programs found from this literature search, and assess
the -potential usage of these programs in ISDS.

D. SCOPE OF STUDY

1. Ship Types - The literature search was directed toward

finding computer programs involving the following vehicle
types:

?Naval and Commercial Displacement Ships
"iydroloils

Surface Effects Ships (SES)

Air Cushion Vehicles ,(ACV)
Planang Hulls,

Catamarans

2. Topics of interest - The specific topics of interest

in this literature search are the following:

Mot ions Predictians
Added Resistance in Waves
Slamming

Deck Wetness
Maneuvering

3



II. GENRL APPROACH

"A. LITERATURE SEARCH

The following literature searches were conducted to de-

termtne what programs are available;

A literature search of the DThSRDC library
A Maritime Research Information Service (MRIS)
A Defense Documentation Center (DDC) literature
search
A Ship Automatic Retrieval Project (SHARP)
literature search

In order to assess the ship dynamics programs, informa-

tion was tabulated on each program found in the above litera-

ture searches.

B. CONSULTATION WITH EXPERTS

Experts in the field of ship dynamics at DTNSRDC were

consulted to determine if any significant ship dynamics

programs were missed in the literature search, and their

recommendations were obtained for programs to be integrated

into ISDS. The experts consulted were;
Code

Dr. Michel Kazuo Ochi 1506 Spsacialist -Naval Architect

Daniel S. Ci,-slowski 1507l High Performance Vehicles
Program Office

Dr. Manley St. Denis 1513 Specialist-Naval Architect

Dr. Wen Chin Lin 1524 Design Evaluation Branch
Dr. Nils Salvesen 1552 Hydrodynamics Branch

Geoffrey G. Cox 1568 Surface Ship Dynamics Branch

Nathan K. Bales 1568 Surface Ship Dynamics Branch

Dr. Choung Mook Lee 1572 High Performance Craft
Dynamics Branch

4



III. FINDINGS

A. TABULAR FINDINGS OF LITERATURE SEARCH

The findings of the literature search are presented as

two tables in Appendix B. Table I is a list of the ship
dynamics computer programs and a brief sumary of each.
Programs listed in Table I are those for which the library
search yielded documentation or detailed discussion; Table

I does not list programs for which the search produced ret-

erences but no further discussion. The entries in Table I

are ordered according to ship type and topic of interest,
with the newest programs in each grouping listed first.

Table Ii is a list of publications encountered in the
literature search which reference computer programs in ship
dynamics. including some of the programs listed in Table I.

Table II is also ordered according to ship type and topic
of interest.

B. DISCUSSION OF FINDINGS

1. Six Degree of Freedom Programs - For conventional naval and

commercial displacement ships, there are three 6-degree of

freedom (pitch. heave, roll, sway, yaw, surge) programs which

address the topic of motion prediction;

* The DTffSUDC Ship Notion and Sea Load Computer Program

*iProgram SCORES - Ship Structural Response In Waves 2

mThe MIT 6-Degree of Freedom Program3

All of these programs are based upon the compromise theory.**

*Superscripts refer to references in Section VII. I
**Appendix A provides a brief discussion of several accepted

theories which form the basis for various dynamics programs.
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All three 6-degree-of-freedom programs compute the
amplitude and pbaae for the pitch, heave, roll. away, yaw.

and surge motions, the vertical and horizontal shear forcei,

and the bending and torsional moments. Various of theso

programs also include other design feature6 such au compu-

tation of hydrodytamic pressure distributions, dock wetness,

added resistance and slaming.

The 6-degree of freedam programs require as input a physical

description of the ship including hull offseti. uhip speed,

ship heading relative to waves. mass of the ship, mass dis-

tribution, and a representation of the sea cordition.

2. Pitch-Heave Programs - Ship motion programs for the

prediction of pitch and heav":- are numerous, however. most of

these program" are based on one of two theories. the com-

promise theory or the Korvin-Kroukoscsky theory. 5

1The Frank Close-Fit Ship Motion Computer Program6 cum-

putes pitch and heave motions for shipsin regular and irre-

gular head waves. The regular wave response" are computed

according to the comprwmise theory. The irregular seaway is

represented by the Pierson-Moskowitz Sea Spectrum and utatis-

tical response parameters are computed for pitch and heave as

well as ior absolute and relative vertical displacement veloc-

ity and acceleration at any point along the length ol the ship.

In the Frank Close-Fit Ship Motion Program, there art, two

methods used for computing the two-dimensional added mass

and damping coefficients, the Lewis-form method and the close

fit method. Thc Lewis-form method is fast but it is only

accurate for regular (no knuckles, bulbous bows, etc.) comaon

ship forms, while the close-fit method is time consuming

but accurate for any station shape. The user has the option

o1 selecting the best method for each station.

*Francis Ogilvie and Robert Beck present a review of the theory

for predicting ship motions"

6



Ar~other exmspke of the 2-degree- tf-ree*m program to

"Computer Aided Predictio'n. of Sesasteping fertiorwxac. to Ship

Design"' by T. A. LWulakia. Th* theory used to this program

is essentially the strip theory of Korvia-Krouko'vsy and
8

Jacobs. with th~e changes presented by Gerritw asid

Beukelmau~ The program wil1l calculate the rsapons. oper-

ators (the ratio of the ship response to the wave. waqitid*)

of pitching and heavirng motions iits regular waves, It will

calculate motions, velocities. accleratioas, relative motions.

relative veiý-ities, beading moments aad sbearing forces for

any position along the ship,, and it will calculate the meaf

added resistance of the bull form. The regular wave results

are used in conjunction with the superpositiou priaciple to

predict iteakeeping behavior in a seaway. i.... In a coafused

pattern of waves of various size., shapes. and dire~ctions.

The results of the ship behavior in a seaway are then us"e

F in conjunction with statisatical theory to predict additional

seakeeping characteristics of a ship such as probility of

occurrence or deck wetness, propeller racing. aud alisming.

Finally, the program can calculate the calm water resistamce

and propulsive coefficient of a hull form on the basis of

Series 60 or Taylor Series. and it can calculate the calm

water shearing forces and bending moents. In general the

predict ion of the additik~nal seakeeoping characteristics--

deck wetn~ess, propeller racing, and aluming--ar. not corn-

sistance with ex~perimental results. The discrepancies can

be attributed to the follaw~ug reasons-

7
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a) the thip operatee at a differost dyassic draft

Mur.w speed (84uat), and

b) local coaaitioss prevailiog at the bow and

the *term are not predicted by theory.

Another method for predicting pitch and heave In the

-'staadard series" approach. The technique for a standard

series approach In to generate a family of bull forms with

a systemtic Vwariation of all geometric variables which are

expected to stroagly Imflueace meakoopiag. The performance

of those bull* is established (by model tests. full scale

swasurement. etc.) sad data are recorded to produce an

esLiensIv# data base wkich may be subsequently interpolated

to p'edict poriormance of later deaLgas.

10The £n~ry a&4 Solution Program (ESP) uses a standard

series ap~proach to calculate tbe beave, pitch. relative

notion a-nd abaoluto accoleratiob. As ship motion* do not

appear to be sensitive to local details. of bull shape, it is

possible to select a simplified family of matheftatical forms.

Each mathematical model repre~eats all bull forms having the

maime waterplane. profile. and sectional area curve. The math-

emmatical model i~s furtber simplified by adopting a simple

sVateatic met of waterplanes - eacb has a parallel midship

segment togetbor with fourth degree polynomials which swing

K ~into the centerline at the fore and aft perpendiculars 1
without a discontinuity in curvature. The profile is

rectangular, so all s5ctiofls have the same depth.



3. Roll Motion -The calculation of the force-notion coat-

I icients relating to roll motion Is primarily a nonlinoar

problem.

Few programs exist expressly for the calculation of roll

motion. The 6 degree of freedom programs include roll motions

predictions and the portion of the program calculating the

roll motions could be extracted from them. The 6 d~agree of

freedom program by Salvesen et al. uses an invisci4 strip

theory to compute the linear components of wave damiping. A

quasi linear correction term was then added to account for

the nonlinear viscous damping. The correction term depends

on frequency, hull geometry, bilgekeel dimensions and via-

cosity. A tz-ýal and error procedure is used to solve the

equations.

9
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There is also in use at DTNBNC the Conally Mlal Prqwam,

an unpublished roll program, in which limear theory to used

to represent rolling motion. Thia program gives the rolling

i, motion and moment of the abip in regular waves of any selected
length and height, and this may be combined with any esergy
spectrum of wave slope to give a spectrum of notion ti irregu-

(F

lar waves. In irregular waves the response amplitude operators

are calculated. and the WO roll and moment are gives.

4. Added Resistance - A number of programs exist for the pre-

diction of added resistance in wave; Appedix A describes

the theories upon which four of these programs are founded.

Since added resistance programs require input data describing

the motion of the ship, the programss are often setup to run in

tandem with a ship motion program.

The added resistance programs calculate the added reals-

tance in regular bead seas for a number of wave encounter

frequencies. Average adlded resistance of the ship proceeding

at a certain speed in irregular head sea* can then be predicted

by superimposing th programs' added resistance in regular seas

with the energy spectrum of the irregular sea.

(12

5. Slamming and Deck Wetness M.K. Och! and LE. Matter 1 2

(3*" present a method for prediction of slamming characteristics

and hull responses of a ship at an early desige stage, given

input data describing the motion of the ship and certain bull

form coefficients which are significant In sia prediction.

The predictions include:

e frequency of occurrence of slam impacts.

e elapsed time before the next severe Impact will

c magnitude of impact pressure.

e the larwest (extreme value) impact pressure most
l' likely to occur,

, the extrme pressure for design consideratio•., I•i• ship speed at which bottom plate •Lama •e is most

likely to occur.
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• sip speed fe tram elm dme,
* liHiting spee for uhich slam impact is tolerable

for the crew.

o spatial distribution of lmpact pregssre and reMulting
force.

* main hull girder responses such as whipping stress
and acceleration to slam Impact.

This metb•d has not been campletely programedd, however,
portions of the method dealing with frequency of sla• impact

bave been integrated into ship sot ion programs as design

features.

The prediction of deock wetness has also beeo integrated

into ship motion programs as a design feature. The relative

motion betwee the ship and the water surface Is obtained

from the ship motion program. Standard correction factors
are applied to adjust for flare and the effect of the ship's

standing wave pattern.

6. Maneuvering - For conventional displacement ships there

are maneuvering programs such as "A Digital Computer Technique

Psrdiction of Sandard Naneuvers of Surface Ships" by J. Strom-
13tejsen and -Directional Stability and Control of ships in

14
Restricted Channels" by Maruz, Ed.a1. These programs require

as input hydrodynamic force and moment derivatives which must

be obtained from expenbive captive model testing techniques.

Captive model tests are performed by means of test facilities

such as the rotating arm. oscillators, and the planar motion

mechansim. The hydrodynaumic derivatives depend largely upon

the ship geometry and design and the derivatives differ signif-

cantly from one hull form to Another. The hydrodynamic deriva-

tives are by definition partial derivatives of a force or moment

with respect to one or mcrc- of the motion variable. To obtain

thone derivati-Pq it is necessary to force the model to execute

various prescribed motious aud to uwasure the forces and moments

as functions of the different motion parameters.

11 -M
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There are special purpose programs for various classes
of ships which do not require the hydrodynamic derivatives,

but which are limited in application. These programs predict

maneuvering as a function of various parameters, which

define ship and rudder geometry, and which define operating

variables.

The relationships used in these programs were derived

by use of regression analysis techniques and the results of

the programs are only applicable to ships similar to those
in the data base.

7. Hydrofoil, SES, ACV. Planing Hiulls - Programs for the

prediction of ship dynamics of hydrofoils, surface effects

ships. air cushion vehicles, and planing hulls are time

domain programs. Time domain programs use simulation tec.h-

niques to compute the dynamics of the vehicle during a suc-

cession of incremental time slices, thus giving a time

history of the dynamics. The simulation of the dynamics is

usually carried out by an analog program. It is usually not

possible to write such programs that run in real time. The

ratio of simulation time to real time sometime becomes as

large an 100 to 1. An im~portant factor in the motions of

these ships is the auto pilot, the ship's real time control

mechanism which interprets inputs from motion sensors and

generates directives to the ship's active control devices.

The auto pilot must, of course, be considered in the program

for simulation of the ship dynamics. There is no general

analog program for ship dynamics; one or more new programs

12
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. Imust be written for each ship. Most of these existing pro-

grams are not documnted. Some of the specific program which
•"are doctmentod are listed in Table I of Appendix B.

8. Catamarans - For the prediction of ship motion and loads

of catamarans there are program such as MIT's "CAT-5"' 1 5 .

This program is capable of predicting notions, velocities,

"and accelerations of catamurans moving in waves at any

heading angle. The wave induxced forces and moments on the

catamaran cross-structure are also computed. These responses

can be obtained in regular waves as well as long-crested or

short-crested random waves. For the latter cases, the one-

parameter Pierson-Moskowitz Wave Spectrum and the two-para-

ester Bretschneider spectrum are used. These spectra are

S.defined in Section l.d. of Appendix A.

The basic input to the program includes the overall

dimensions of the catamaran, the form and spacing of the

demi-hulls, the longitudinal and transverse weight dis-

tributions, the general heading angle and the description

of the sea condition by wave spectra. The output of "CAT-5"

consists of the five degroes of motion (surge neglected) and

the wave induced forces and moments on the cross-structure.

There in also a ship motions program for catamarans

"being developed at DTNSRDC which is based on "Motion and

Resistance of a Low Waterplane Area Catamaran" by P. C. Pien

and C. U. Lee.1 6  This method predicts characteristics of
•- ~motion and hydrodynamic loads of either conventional cata-,

marans, or small Waterplane Area Twin Hull Ships (SWATH).

The equations of motion for catamarans are derived in the

1,• frequency domain under an assumption of a linear excitation-

response relationship. The hydrodynamic coefficients involved

13
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in toe equations of motions are determined from strip theory.

assumingsleader geometry of each hull of the catamaran. %le

effect of forward speed oan the hydrodysamics coefficient is

treated as if there were no perturbation on the fluid due

to the forward movement of the ship. An apparent underestima-

tion of damping results io an unrealistically large motion

amplitude at the resonant frequency. The introduction of

supplemental damping into the equation of motion Is needed to

achieve a reasonable prediction of catamaran motions. The

Supplemental damping Is introduced into the equations of

motion mo as to be linearly proportional to the oacillatica

velocity, Prediction of statistical averages of motion

amplitude for the catamaran in irregular seas is made by using

the frequency response amplitude operator in conjunction with

the Pierson-Moskowitz sea spectrum.

The probable frequency of a water contact with the cross-
deck structure is computed for given conditions such as
significant wave height, forward speed, and height of the

cross-deck structure above the waterline. The formulA used
is bazed on a truncated Rayleigh's probability distribution

for slammig and is similar to the formula developed by Ocht

(1964) for bow slaming of monohull ships.

Respect ine added resistance for catmarans. it has been

shown that by using tUe concept of an "effective hull form"

the added resistance for catamarans can be predicted with

the same methods used for conventional monohulls.

1
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IV. E TIWIOS FOR DYII ICS PRWL MIS IN ISMS

I" iCWWIW"•MMTlON FROM THE DTNSRDC SHIP PERFORUWCE DEPARM UT

The Ship Performance Department made the following rc-

inmadat ions concerning programs for integration into ISDS:
* Candidate program should address pitch, heave and

loads in head seas and roll In beam seas, because
these conditions represe t the worst motions and
loads.

• A pair of programs - one for pitch-heave-loads in
head seas and one for roll in beam seas - are recomend-
ed for use early in the ISDS design process, and another
similar pair for more exact analysis later in the process.
These four programs are:
For early use:

- For pitch and heave, the Entry and Soluac on Program
which uFes a standard series approach.

- For roll, the Conolly Roll Program.

For later, more exact analysis:

- For pitch-heave-loads, the Frank Close Fit Ship-
Notion Com:puter Program.

- For roll. the DTNSRDC Ship-Motion and Sea-Load

Computer Program.

These recommended programs are described in Appendix C.

Do l,•S DESIGN PRWSS CCiUSIDERATIONS

The four programs recommended by the Ship Performance
Department were scrutinzed by DTXSRDC Code 1853 with respect

to the input data required by each. The sequence of ISDS

program. (See Figure 1) was examined to identify the earliest

point in the ISDS process at which data is available to allow

execution of the four recommended dynamics programs.

15
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The findings of this examination are as follows:

* The principal significant difference among the four
program. respecting input r4u4irewmnts is that the
hull form Is described to the pair of early programs
merely in terms of basic hull dimensions and form
coefficients, whereas the two were exact program
require a table of o•fsets on hMal statioss.

"* The two more exact programs also require input re-
specting the dynamic properties of the shbp (center
of gravity, k-.ýdti.of gyration, etc.). roll damping
and bilge keel description. Data for the dynamic
properties and roll damping can be satisfactorily
estimated from known properties of similar ship
types. Feasible bilge keel configurations can be
assumed and verified. All these data can be com-
piled by the engineer subseQuent to the operation
of SCOI.

"* Hull offsets are produced by the second ISDS design
procedure. HULJGEN/BGDYPLAN. These offsets are not

faired. but they are considered to be acceptable for
use in the two more exact dynamics programs.

Given that the two more exact programs can be exercised so

early In the ISD design process, it would be difficult to I
justify the effort of integrating into ISDS all four dynamics

programs. Mowever. three alternative rationales which use all
four programs have been identified and briefly examined; none

of these rationales are considered to merit further development:

(1) Rationale: The two early programs could be executed

after SCO1 and in parallel with or prior to HULJOEN/BODYPLAN.

thus verifying the seakeeping characteristics earlier in the

design process.

Retort: HUULWN/BODYPLAN can be executed in 1 - 3

days and this small difference does not justifv the extra

implementation cost.

(2) Rationale: The two early program couid be incorporated

within SCOl itself, and seakeeping considerations would be avail-

able early enough to influence the selection of hull dimensions

and form coefficients. 1

17 IN
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Retort: The two early programs, as they presently

operate, are major program. in their own right, and require

modest CPU time to execute. Operation of these programs

within SCOl to exmmine each of a large matrix of possible
designs would absorb very much computer time, increasing

markedly the operation cost of SCOI. Furthermore. a major

coding effort would be required to join the program. If

indeed a measure of seaheeping Is needed in this formative

design step, It would sem that a faster, less precise

routine should be developed to better meet the need.

(3) Rationale: At the stage of design represented by

MULLGEN/BOOYPLAN the design is still fluid, and the dyna-

mics programs may have to be executed many times, programs

which are cheap to operate are desirable for the early

iterations.

Retort: The more exact roll program runs in less

than one minute of CPU time. so there is not much to be saved

by avoiding its use. The Frank Close-Fit Ship Notion Computer
Program may be operated in a "quick-and-dirty" mode utilizing

a built-in Lewis form to represent the bull form. Execution

time would presumably be reduced, as would the precision of

the results, but the user would enjoy the option to run in

either mode. I
C. RECOMMENDATION FOR INTEGRArED SHIP DESIGN SYSTEM

The Frank Close-Fit Ship-Motion Computer Program should

be used to investigate pitch, heave and loads in head seas,

and the NSRDC Ship-Motion and Sea-Load Computer Program should

be used to investigate roll in beam seas. Both programs should 4
be integrated into ISDS such that they aDld be executed at any

time after the ISDS design procedure IIULLGEN/BiOYPLAN has been

run (Figure 2).

18



bastroyer

3orotrc Dem'riptua or
ftip. Inc1u&11in priociva4
lIi11 Dimwm ad Fan.

34ulpinnt 3ody Plan

1b Cin'a~l

S~i~aiu Computes onu~

aftksl ~ Speed Va. opt-

Plashafts xydro-

Uchlmy Mos.'pwE'rStatics

g rvnk Clam
FUEL Fit. Ship

ftel RateuI. PROP ktcaP- TI.'1
2ndu rance &MPrurelh'rgram fur ]P.0 q~utre-j PruLCZI~ riav~

Wientzn. 1LbAL inI tIn
Yearly j Design Rol ind
Fuel Cos~t Wa esbc.iSI

To Shafting RcmoddSi

D*Sa1V Kachidery L - Dyudmn t PrtU~ . kr..1L?1

ftome 2 Portoam oftS 1DB Osana process~. Illustrating
f- Msabaded Integration of Ship Dynamics Programs

'a -w9



V. S AHRY D CONCLUSION

A literature search for computer programs involving asip

dynaics ams performed. The programs found in this literature

*arch amre luted with a brief description of each in Appendix B.

The programs recomnded for integration into 1SDB ar as

follows.

OThe Frank Closa-Fit Ship Motion Computer Program

should be used to investigate pitch, heave and

loads in bea seas.

TMe SRDC Ship-Motion and Sea-Load Computer Program

should be used to investigate roll In beam seas.

Both programs may be executed very early in the ISDS

design sequence.
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Presented in this appendix is a brief description of I
some widely used theories which have been programmed to pre-

dict ship dynamics.

1. SHIP MOTIONS

a. Strip Theory

In strip theory the ship is assumed to be a slender body,

i.e.. the beam and draft are small compared with the length.

Because of the slenderness of the body, it is assumed that

the major fluid motion around the body is in the transverse

directions, there is not enough frontal area to cause impor-

tant longitudinal fluid motion. In this case. the flow in a

transverse cross-section can be described by the laws of fluid

motion in two dimensions.

The theories which are presently used in the computer

prediction of ship motion are the Compromise Theory and the

Korvin-Kroukovsky Strip Theory. Both of these are strip

theories in which it is assumed that the fluid is inviscid.

The viscous effects (damping) are small and can be disregarded

except in the case of roll motion.
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b. Comromlse Theory
The compromise theory, as described by Salvesn. Tuck

17
Fatiuisen rests upon throe principal asu tious:

0 The bull form is assumed to be a slender body,
i.e., the beam and draft are smal compared with
the length. More precisely, any planes tangent
to the bull should be nearly paralled to the lon-
gitudinl axis.

* It it assumed that there are no signiflcant interactions
between the unsteady flow and the steady disturbance
cased by the forward motion of the ship.

0 It is assumed that the velocity potential function in
the final equation for the ship motion transfer func.
ti•us can be evaluated stripwise.

The compromise theory can predict the heave, pitch, surge,

smy, roll, and yaw motions as well as the wave-induced verti-

cal and horizontal shear forces, bending moments, and torsional

mo ts for a ship advancing at constant speed in regular waves.

Under the assumptions that the responses are linear and

harmonic the six linear coupled diflerential equations of

motion can be written in the following form:

6 Nj+ j fk + jk fik *Cjk nk] j~ % J0-.4-6

inertia forces damping hydrostatic
force force

where:

9 1k are the components of the generalized mass matrix

for the ship

Ajk are the added mass coefficients

Sjk are the damping coefficients

Cjk are the hydrostatic restoring coefficients

nk are the translatory and angular displacements

fik are translating and angular velocities

h' are translating and angular accelerations

F are the complex amplitudes of exciting force and moment

w lb Lhc (rcqueucy of encuunter

e e oxponential constant
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The six coupled equations of motion reduce to two In-

dependent as sets of coupled linear differential equations

with frequency and speed dependent coefficients. This re-

duction is made possible by recognizing the lateral symetry
of a ship. One set of three coupled equations are expressions

for surge, heave, sad pitch and another set of three coupled

equations for away, roll, and yaw. Thus for a ship with lat-

eral symmetry, surge, heave, and pitch are not coupled with

away, roll. and yaw. The equations for the wave induced loads

are expressed in terms of the resulting motions and the de-

rived hydrodynamic coefficients.

The agreement .etween the compromise theory and experiment
is very satisfactory for the heave and pitch motions and for

the vertical loads, in oblique and !ollowing waves as well as

in head waves. Good agreement is also obtained for the cou-

pled sway and roll nmotions in beam wavos. Due to lack of

experimental data, It has not been possible to confirm by

experiment the theroretical motions for sway, yaw, and roll

in oblique waves. Nevertheless. the good agreement shown for

the horizoataL ukear forces, bending moments and torsional
moments in oblique waves suggests that the theory may also

predict tLe horizontal motions quite well.

0. Korvin-Kroukovsky Theory

While the compromise theory is an analytical approach,

the Korvin-Kroukovsky theory8 is based on ingenious and care-

ful physical arguments. Because the Korvin-Krotuovsky theory
is a strip theory, the flow around the ship is a 2-dimensional
problem. From the solution of the 2-dimensional boundary value
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problems of the flow, one can compute the hydrodynamic prm-
sure distributiou on the ship caused by its am motIon; tius

one can also comute added masm and damping forces.

It is not easy to compute the exciting forces due to

waves, but Korvin-Erakvaky made a simple assumption: In

the added-mass and damping problem, he replaces the velocity

and acceleration of the ship cross-section by an effective

relative velocity and acceleration of that section with re-

spect to the instantaneous water surface.

Finally it us necessary to introduce now correction

for the effects of forward speed. One effect Is the Doppler

shift in the frequency of encounter of the ship with the

waves. The second effect in that the forward motion of the
ship causes an apparent cross-flow in a transverse cross
section if the ship happens at some instant to have a non-

zero pitch angle.

Reasonably accurate prodictions are obtained from the

Korvin-groukovsky theory.. The theory accurately predicts

the heave and pitch motions as well as the vertical shear

forces and bending moments for regular cruiser storn ships.

Predictions are less accurate for ships with bulbous bows,

knuckles, transom sterns, and other irregular features.

d. Motions in Irregular Seas

A very good description of irregular sea computations is

contained in the Frank Close-Fit Ship-Motion Computer Program

by W. Frank and N. Salvesen6 and is quoted Ls follows:

"The motions of the ship in irregular aeas are analyzed in

a statistical manner following the procedure of St. Denis18
and Pierson. The statistical approach does not give tho actual

time history of the motions but rather a statistical descriptionof the response.
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"The procedure can be outlined In short as follows: It

is assumed that both the excitation (the Irregular sea) and

the tesponses (the ship motions) are random processes which

can be assumed to be stationary Gaussian. Under this assump-

tion an adequate statistical knowledge of the sea elevation

and the ship responses are determined completely by their

respective energy spectra. The energy spectrum is a function

which specifies the fraction of the total energy which is

associated with any given frequency band. The sea energy

spectra are known functions furnished by the oceanographer,

while the response spectra mustbe computed.

"The second fundamental assumption is that the linear super-

position principle is applicable to this problem. This assump-

tion leads to a simple relationship between the sea spectra and

the ship response spectrum. More specifically, St. Denis and19
Pierson stated that 'it is assumed that the sum of the res-

ponses of a ship to a number of simple sine waves is equal to

the response of the ship to the sum of the waves., Under this

assumption the ship response energy spectrum is

3R (w,) - [R())] . 5(W)

where R(w) is the amplitude of the response to a sinusoidal

wave of unit amplitude. SS(w) is the sea energy spectrum and
is the wave frequency. Hence. the ship response spectrum

SR(w) which completely describes statistically the ship motions

in the irreqular sea is given in terms of the response ampli-

tudes which are obtained by the strip theory ... and the sea

spectrum which is a known funt ion."

The following three sea spectra are often used in irregu-

lar sea calculations:
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The Neuman Sea Spectrum

The Bretschneidor Sea Spectrum
The Perso-4Noskowitz Sea Spectrum

The Neumann Sea Spectrem Is a single parameter spectrm
which describes fully develqped seas as a function of wind

speed: 2

""2 S Ce -

Be(w) - sea e'ergy spectrum

where g - acceleration of gravity

C - a constant (8.27 XO- 4 )

w - wind speed

e - euqotmeti1a constant

w - frequency of wVe patten

The Bretschneider is a two parameter (significant wave

height and man period of waves) sea spectrum for describing

developing and decaying seas

S5 Qe ) - A&- 5 e-Be

where S s(w) - sea energy spectrum

A - 4 itSh 2 /Th2U

m 16 /Tn

hi a significant wave height

TS - mean period of waves
c - frequaicy of wave pattern

w a-windqsped
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The Pierson-Moekowltz Sea Spectrum iu a single parameter
(significant wave height) sea spectrum for describing fully

developed seas:

where: 88 (w) *w Am 5

A -a .0l

a a 33.56/hI 2

e. Roll Motion 7

The linear methods used in computer programs for the
compromise and Korvin-Kruukovsky theories do not acceptably
predict roll notion due to its characteristic non-linear

nature.

Although much work has been done in other fields to
develop n.ethods for the efficient solution of nonlinear
problems, little use has been made of these methods in the
field of' ship hydrodynamics.

In pure roll motion there are two principle sources of'

nonlinearity. The first is the nonlinear restoring force.
At large roll angles the righting moment curve may not remain
linear with heel angle. The degree of the nonlinearity de-
pends on the ship form. The other source of nonlinearity in
roll motion is the damping force. Roll damping comes from
three sources: frictional damping, energy lost in eddy making,
and the damping due to wave making. Frictional and eddy mak-
ing damping are both due to viscous effects and are essentially
nonlinear with respect to roll velocity. Wave damping is
associated with the energy carried away from the rolling ship
by the generated waves and can be predicted fairly well using

linear theory.

In the technique for prediction of roll used in the Compro-
mise Theory as described by Salveson, Tuck and Faltinsen. the
viscous roll-damping effects are introduced into the equation
of motion as a quasilinear term. This term is the product
between the maximum roll velocity and a convtant which depends
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on the frequescy * the viscosity * the bilge-keel dimensions,
and tbo bull geamatry. The maximum roll velocity is esti-
mted before the mot ions ar~e c~aquted. If the difference
between the estimated and thes camputatd maximum roll velocity
io too large, a new value for the maximum roll velocity mist
be estimated sand the motion then recaqiuted until the two
converse.

A linear theory for the prediction of roll Is presented
by J. E. Conolly 1 1 (199). In this theory It to assumed:

* the ship is wall-aided at the waterline

* the buoyancy forces are distributed along the
length. their magnitude depending upon the
local sectional area of the ship
*the local force is assumed to act normal to theI
local wave surf ace

Integrating over the length of the ship leads to an effective
wave which is less steep than the true wave, and which has aI
frequency equal to that with which the true wave is encountered.

In view of the above simplifying assumptions, it in consid-
ered justified for ease of solution to replace the ship by a
simple "equivalent" bull having rectangular section. and a
constant draft. For fine warship forum the design waterlinej
can be reasonably represented by a parabola having maximum
width at midship and zero half-breadths at the ends. Ellip-
tical and rectangular waterplames forms are also available.

The vertical center of gravity of the equivalent bull is
placed between the cent.,r of buoyancy and the metacenter in
the same relative position as that of the real .Ibip (i.e.,

U is the same for both).
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2. A•DED RE ISTAM

Respecting the topic of added resistance in waves for con-

ventional ships. there are four distinct theories:

Potential flow solution, by Maruo

Drift force approach, by Joosen

Pressure distributions, by Boeas

Radiated energy approach, by Gerritima & Beukelman

These theories are presented and compared by Jorgen Strom-TeJsen.
20

et. al.

The theory developed by Maruo is a potential flow solution

to the problem, in which the velocity potential is divided into

three components which are considered separately. A singular-

ity distribution is used to represent the hull form, and the

wave field potential consists of the potential associated with

the regular wave field and velocity potential of the waves

produced by the singularities. Maruo has shown that the pitch-

ing and heaving motion of the ship dominates the effects of

surge, and he was therefore able to neglect the effects of

speed variation.

In application of the theory. Maruo has further approxi-

mated the ship hull by a line distribution of sources, thereby

allowing the evaluation of the added resistance in terms of

the geometric characteristics of the ship (described at each

section) and the measured or computed ship motion.

The added resistance theory formulated by Joosen is based

on the extension of a drifting-force-in-waves theory to the

case of a ship under way. The drifting force problem was

completely analyzed by Maruo and extended by Newman. Maruo

determined the drifting force as a function of the motion of the

ship and the wave reflection from the ship hull. Newman's

contribution was an extension of the theory to include the
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determination of vertical moment and the derivation of approxi-

mate expressions for slender ship in long waves.

Joosen has exp•e•ed Maruo's drift force expression In an

asymiptotic series of powers of a slenderness parameter and

has truncated the serien after the first order terms. The

resultant slender body approximation for the drift forces is

valid for short waves. The theory is extended to account for

the added resistance in waves at ahead speed by the substitu-

tion of a wave encounter frequency which is a function of

velocity for the wave frequency appearing in the analysis.

Joosen has shown that the drift force in the longitudinal

direction in head waves is dependent only upon the potential

of the radiated waves. He has concluded that if the ship

motion amplitude is of a similar order of magnitude over the

entire range of encounter frequencies, the wave diffraction

effect may be neglected everywhere except for very mall waves

where it becomes dominant.

Joosen's final expressions are equivalent to those derived

by Havelock except for the inclusion of a wave-motion cuplini

term. The added resistance is determined through a knowledge

of the ship's frequency dependent damping coefficients a well

as information on the heaving and pitching motion and pha;

relatioaships.

Boese has recently studied the added resitt;auce problems¶•

using an approach similar to the original work pertformed by

Havelock, but considering a more sophisticated appr'oach to the

initial motion data. Boese atates that since the three-dimen-

sional pressure distribution on a ship in waves cannot pre-

sently be determined, it is necessary to employ linear strip

theory for computing the ship motions, and hence also for the

pressure distribution.
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The pressure forces acting on a ship are divided by

Boese into two segment s:

0 The fluct•ating force caused by the wave fit.ld

and the heaving and pitching motion over a fixed

surface, i.e., the hull below the static water-

line.

* A correction to the fixed surface force to account

for forces over regions of the hull which are not

continuously imersed. For this correction, dynam-

ic forces are neglected and a linear pressure dis-

tribution is assump-d to be effective.

Computing the time average contribution to the longitu-

dinal force completes the calculation of added drag.

BDese justifies his method on the ground that first order

effects dominate in motion responses.

The method used by Gerritsama and Beukelman to calculate

added resistance is to compute the energy flux radiated from

the hull. The energy is found in terms of the sectional
damping coefficient and the vertical relative water velocity

between the ship and the wave. The radiated energy is then
equated to the work being done by the ship. Gerritsma theory

has the advantage that the added resistance is easy to compute

if one is already computing the motions from strip theory.

Also the radiated energy approach gives perhaps the easiest

description of resistance in quartering and beam seas. The

added resistance in oblique seas is found by considering the

energy radiated from each side of the ship separately.
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3. BLAMING

Michel K. Ochi and Lewis E. Motter present a method to

predict the slamming characteristics and hull responses of

a ship at an early design stage. A statistical approach to

the development of a prediction method is taken.

The following is a brief outline of the overall predic-

tion method. Two prerequisites have to be prepared in advance.

One is the description of ship motions and the other is the
evaluation of coefficient associated with slam impacts. A
computer program to evaluate the coefficient for a given

section shape is available in reference 20.
With these two prerequisites in hand. the following pre-

dictions can be made:

a. FrequencZ .of. Occurrence of Slam Ilmpact. This can be
easily obtained from the information on ship motion and

velocity relative to waves.

b. Limiting Speed for Which Slamming Impact is Tolerable.

From results obtained in Item a as a function of ship speed,

the limiting speed for which slam impact is tolerable - here-

after referred to as tolerable speed for slam impact - is

estimated as the speed for which either the probability of slam

impact at Station 3 reaches a level of 0.03 or the significant

amplitude of the vertical bow acceleration reaches a level of

0.4 g. This subject is discussed later in the section on ship

speed and slamming damage.

c. Time Interval Between Successive Impacts. From results

obtained in Item a the time interval between successive impacts

can be estimated.

I
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d. Slsnmimn Pressure. The probability function necessary

for predicting impact pressure is established from the ship

amtions and coefficient associated with slam impacts thus the

average and significant values of impact pressure can be pre-

dicted.

e. Elapsed Time Before the Next Severe Impact. The time

between one severe impact and the next at a wpecific location

along the ship length can be estimated frum the results obtain-

ed in Items a and d.

f. Most Probable Extreme Pressure. By applying order

statistics, the magnitude of the largest impact pressure most

likely to occur in a specified ship operation time in a given

sea can be predicted at any location along the ship length from

the results obtained in Item d.

g. Ship Speed at Which Bottom Plate Damage is Most Likely

to Occur. By equating the pressure magnitude obtained in Item

f to that which will cause permanent set of a rectangular plate,

the speed is estimated at which bottom plate damage is most

likely to occur.

h. Extreme Pressure for Design Consideration. The magni-

tude of extreme pressure for design consideration can be esti-

mated by applying order statistics to the probability function

obtained in Item d. The extreme value is controlled by a pre-

assigned small probability of being exceeded, which the designer

specifies.

i. Ship Speed Free From Slam Damage. By equating the

pressure magnitude obtained in Item h to that which will cause

permanent set of a rectangular plate, the attainable (maximum)

speed below which no plate damage would occur is estimated.

The probability of occurrence of damage is the small number

assigned in item h.
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S. Slam Impact Force. The magnitude of impact force

can be estimated from Items f or h. taking spatial distri-

bution and traveling time of the pressure into consideration.

The force evaluated using the extreme pressure in Item h is

used for design consideration.

k. Main Hull Girder Response to I!Mact. Using the in-

formation obtained in Item J as an input, the main hull

girder responses such as whipping stress aud deceleration

due to impact are estimated by solving a mathematical model

representing the hull structural charasteristics. Available

computer programs for dynamic response of the hull may be

used with necessary alterations.

According to M. X. Ochi and L. E. Hotter (1973), a com-

plete method to estimate in the design stage the slamming

characteristics and bull responses of a ship, including the

estimation of ship speed for which damage on bottom plating

could possibly occur, is not available at present. There

are, however, numerous papers on methods to obtain limited

information on slamming including both theoretical and

experimental approaches.

4. MANEUVERING

In order tv calculate the path of a ship the hydrodynamic

force and moment derivatives which are by definition partial

derivatives of a force or moment with respect to one or more

of the motion parameters, must be known. The only way to

obtain these derivatives is from captive model tests. Captive

model tests are performed by means of test facilities such as

the rotating arm, oscillators, and the planar motion mechanism.

38
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The hydrodynamic derivativqo depend largely upon the ship
geometry and design and tn general they differ sigmificantly
from one bull form to another. To obtain the hydrodynamic
derivatives it in necessary to force the model to execute

various prescribed notions sand to measure the forces and
moments as functions of the difirexet motion parameters.

The hydrodyniamic force and moment derivatives are used in
combination with the equations of motion to calculate the path
of a ship.
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TAMARM FINIUNGS OF LITERATUR9 SEARCH

Appendix B to presnted as two tables. Table I ts a 113t

of the coamuter program ealing with .hip dynamics found In

the literature search and includes a brief summary of each

program. Table II ts a list of publications encouatered in

the literature aearch which reference coMuter program. in

ship dynm"ics.
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-This aemodis lacui. a dnscrapflom of tbetfour proe

w ai JIM. Tbe 6SscipItloe of each progrm Iscisse the
lapat nequlrapsts. output. typical remainig tluS. &ad gee-
*ra1 tiacusaosi of the program.
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i i MY AM SOTION iM - _ PI

S utilizes a standard series approach to estimate pitch
a dbeave motions in bead seas. It was developed by N. K.

31..le of DTSIWDC.

£5 allows determination of trends it seakeeping responses

with chagese in hull geometry at an early stage In the design

procesa. The seakeepiag responses considered are heave, pitch.
and the amplitude and acceleration of vertical motions near

the bom. The user inputs the significant wave height (average
of the onr-third highest waves) representative of the sea
"state of intervat. and the program uses the Pierson-Mmoskowitz

wave spectrum to compute each response at the input speed and

at speeds corresponding to Froude numbers of 0.1. 0.2. and

ESP requireg the following input:

Ship geometry:

* length between perpendicular%

* draft

e numinal sectional area coefficient at forward
perpendicular

e nominal sectional area coefficient at aft perpendicular

*I % waterplane coefficient forward of midship

* waterplane coefficient aft of midship

% midship section coefficient

Significant wave height
it:: Ship speed (knots)

Set of response weighting factors (optional):

Wl-weightiag factor for razz heave
32-weighting factor for rus pitch
33-weighting factor for rns relative motion
34-weighting factor for rmu absolute acceleration
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The output from ESP is:

=M heave amplitude (ft)

RUB pitch amplitude (ft)

US relative motion (ft) at 10% of asio lentth

INS acceleration (ft/sec2  (Station 2)

Seakeeping efficiency, a composite measure obtained by applying
weighting factors to the above four motions.

The weighting factors are used only to emphasize the rela-

tive importance of the different motion responses in the com-

putation of seakoeping efficiency, an emperical measure of

overall seakeeping ability. The assignment of weightingI

factors is a value Judgement which the designer must make

on the basis of the mission requirements which he is attempt-

ing to satisfy. If, for instance all four responses are con-

sidered to be equally important, he should assign a weight of

I to each response. If on the other hand, relative motion is n

considered to be significantly more important than the other

responses he might assign it a weight of 5 and the other

responses weights of 1.

The current data base is limited to single screw cargo

hulls with either conventional sterns or transom sterns. To

extend this data base, say to destroyers. would cost approxi-

mately 60K per class of ships.

On the CDC 6700 computer, this program requires 71.200

octal words to load and a maximum of 40 cpu seconds to run.

however this program has not been optimized for either min-

imum memory or running time.
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COIOLLY ROLL PEIGRM

The CoDolly Roll Program Is an unpublished roll program in
which it is assumed that the ship is wall sided at the water-
line and that distributed along its length are buoyancy forces
whose magnitudes are determined by the local sectional areas.
The local buoyancy forces are asmeud to act normal to the
"locai wave surface. This theory involves a number of sioli-
tying assumtions, and in view of these It is coasidered
justified for ease of solution to replace the skip by a
sIole equivalent shape having rectangular sect Loss and a
constant draft. For fine warship foru. the waterline width
can he reasonably represented by a parabola having maxi•m
half-breadth at the mid-le"gth and zero half-breadth at the
ends. This shape tends to over-etimsate the width of the
for*body, and under-estimate that of the afterbody. Ellipti-
cal and rectangular waterplane shapes are also available.

This program gives the rolling motion and rlghtuwn arm
mmout of the ship in regular waves of any selected length
ad height. Any energy spectrum of wave slope may also be
-pciiied to give a distribution of -mottos I irregular
waves. In irregular waves the response aiplitude operator.
the RUS roll, and the heeling moment are calculated.

The input for the Conolly Roll Program is as follows:

3hip geometry:
*length between perpendiculars

*draft

*center of buoyancy
*metacentric height

"*matural roll period
*coefficient of roll decay
*ratio of hydrodynamir inertia to ship inertia

Speed
Significant wave height
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The output for this progrm •s the US•S oll Amplituds
of the S&ip to rogular waves for every 15 of beadin.

On the CDC 6T00 the program requires 16.200 octal words

to load. A typical run to aaalyxa three ship speeds at
beIdi&A of ever 15 dsgrees requires about 25 *comds of

couter time.

f j
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" AM CLO; PIT SHIP WHO'M COMPUTE

as was stated In p•r-agraph IV. B. 2. tbere are a larp ave-

ebr of progr m for the calculation ot pitch. boave and loads.

Tbsme program are based os the am tkeori"'. and all calculate

appromiimtely the se outputs. ?be program input format. aims.
sad runni•g tim may vary tram program to program but the calcu-

latlons are all similar. The specific program recommded for
Sperfominag the calculation is the Frank Close Fit Ship IboLa

CQmutor Program. This program is recmseded. eves thouh it
ts difficult to say that one program ts better thas the other.
because of familiarity of navy persosel with this program.

The Trask Close Fit Ship Motion Computer Program doos sot at
proeent calculate sme design Information (slumming. deck wet-

sees, propeller emergoace) that would be useful. Including

tbese design features would be only a *smal extension of the

present program.

The gecaetry of the muip stations may be defined by two4

different method. namely:

a. by giving about eight offset points for• each station.or

b. by giving the beam. the draft and the area coefficient
of the cross sections

Note that it to not uec'asars that the same method be used

for the entire ship.

If a station is represented by offset points. the user then

has the freedom to select between the close-fit method )r the

Lewis-form metbod in the computation of the sectional added

mass and damping coefficients. When the Lewis-form method

is selected, the computer scans the offsets for each section

to determine the local beam, draft, and sectional area. and a

Lewis form matcbing those parameters is selected for the sec-

tion.
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In additfta to the Ilaoruatlos, about the gwntry of

the .hlp, the user also mist select the conditionse for which

put be mast select the *hUp speeds &ad the ran,& of encounter
frequencilea.

Por irrqeglar sam coamptatlome It Is aceryto spedl-I
fy the ShP powlssis Ohi length. the Slgalificant Wave height.
aad the longituadinal 'locatilons at which motion responses are
to be calculated.

Mwe Plerwsokm-Uo *otxama spectrum to expressed in thisj
program as a function of the signifilcant wave height.

The program ts designed so that Irregular sea responses
can be computed at six different ship lengths for the same
given ship form without any chainges to those d~ata cards

which give the geometry Of the ship form.

The input for the Frank Close Fit Ship Notion Computer
Program Isi an follows.

Ship goomietry:

a longitudinal radius of gyratiot
a length between perpendicular*
* geometric description of an adequate number (less

than 30) of ship stations, either as off(sets or as
the beam, draft, and area coefficient for each
stat ion

For regular waves:

F roude number
0range of encounter frequencies

For irregular waves:

*significant wave heightsI * range of shi~p speads
*points along ship for which motiou responses are to be
calculated

125



Output from this program:

* coefficients and forces in the equatiois of motion for
pitch and heave

For regular waves:

* pitch and heave amplitudes and phases over range of
encounter frequencies '1

* plots of pitch and heave amplitudes and their phase
angles as a function of wave length

For irregular waves:

* the average, significant, and 1/10 highest amplitudes
of pitch and heave

* the absoute and relative vertical displacement velocity
and acceleration at any point along the length of the
ship

Properties of input hull form:

* block coefficient j
0 displacement

0 longitudinal cent'sr of buoyancy

"* longitudinal center of flotation

0 sectional beam

e sectional draft

e sectina•l area coefficient

* plot of section shapes

The typical running time for this program using 20 sta-I, tions and 40 frequencies is 500 CPU seconds on the CDC 6700

bhc&ever, if all Lewis form sections are used the running time
is reduces to about 50 CPU seconds. The running time Is

proportional to the number of stations and frequencies used.

1,
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DTI8RDC Shin-Motion and Sea Load program
This program is a general six degree of freedom motion

program from which the portion of the program for calculat-

ing roll can be removed. The reason for not using this

program as In for the calculation of pitch and beave as

well as roll is that the program is a research tool pro-

viding much more information than Is needed for design and it

In very time consuming to run.

The NSRDC Ship Motion and Sea Load Computer Program in j
its present form predicts the roll motions for conventional

cruiser stern hull forms at moderate speeds in beam seas

with reasonable accuracy 4 .

In order to calculate roll motions which are reasonably

accurate in the frequency range close to resonance it isnecessary to obtain good estimates for the viscous roll

damping coefficients used in the equation of motion. The

total and sectional viscous roll damping coefficients are

not generally available for most ship forms and they are ex-

tremely difficult to obtain.

Non-linear viscous roll damping to introduced in the

six-degree of freedom equations of notion tn the torm of a

quasi-linear term which is added to the linear damping co-
efficient. This quasi-linear term depends on the frequency

of encounter, the viscosity, the bilge keel dimensions, the

bull geometry, and the maximum roll angle.

The program uses a trial and error procedure for solving

roll motions. First the roll responses are computed using

an estimated value for the maximum roll angle keeping the

wave slope constant, then the program compares the maximum

A computed roll amplitude with the estimated value. If the
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difference is larger than one degree, a new value for the

maxiam roll angle is estimated by the program and the com.-

putations are repeated until the difference between eatimated

and computed maximum roll amplitude is less than one degree.

The input for the roll portion of the NSRDC Ship Motion

and Sea Load Computer Program is as follows:

e offsets on 21 stations

a Wmas of ship

* roll and yaw radii of gyration

e mass product of inertia about the X and Z axes

* vertical and longitudinal centers of gravity

* total length of submerged portion of the hull

e classification of each section shape (e.g., deep V,

extremely rounded sections, etc.)

a dead rise

e bilge radius

e bilge keel description (See Figure 3 )

* length and width of bilge keel

* angles a and

*girth distance (G) from bilge keel to DUL

edistance (D) from bilge keel to a longitudinal axis
through the CG.

The output from this program is:

* the coefficients and forces in the roll equation of
motion

* the roll amplitude as a function of frequency of
encounter
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D

Figure 3 -Typical Ship Cross Section Illustrating the

Geometric Param~eters Required to Describe

I ~the Location and Orientation~ of the Bilge

Keels
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I

* th roll rspows amplitude operators (gives roll
amplitude fa a function of wave height)

* the roll nond4imensional transfer functions (gives
roll amplitu" as a function of wave slope)

The estimated time to run this program for roll motion

is less tbha 60 secondo.
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INITIAL DISTRIBDMION

Copi•e

I NAVSKA
1 SEA 0331Hf. A. Cbaikin

6 NAVSEC

1 SW 61058. W. Dietrich
I SWC 61058. P. Anklowitz
1 SM 611482. A. Fuller

1 SEC 6136, R. Keene
1 3E 6136. VI. Fuller
1 SEC 6136. D. Bllingsley

12 DUC mio

CENTEI DISTRIBUTION

22 DTNSRDC

I Code 15

1 Code 1504

I Code 1506
I Code 1507

1 Code 1513 - Dr. Manley St. Denia
1 Code 1524

1 Code 1552
1 Code 156
1 Code 1561
1 Code 1568
I Code 1572
I Code 18 - G. GlesAmer

1 Code 165 - T. Corin
1 Code 1851 - J. Brainin
4 Code 1853 - 2. Cross
1 Code 1853 - B. Thomson

1 Code 184 - H. Lagt
1 Code 1809.3 - D. Harris

1 Code 522
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